It is pointed out that the meson cloud model predicts a substantial polarization of the sea quarks of the nucleon due to interference of π and ρ exchanges. This polarization is strongly flavour dependent. The model gives an explanation of a strong increase in the structure function g 1 with isospin I = 1 at small x.
Introduction
Experimental studies of nucleon structure functions have revealed several interesting and unexpected features. Investigation of the Gottfried sum rule by the NMC collaboration [1] lead to the conclusion thatū andd quarks distributions in the proton are different. This result has been confirmed by measurements of the Drell-Yan process [2] , [3] . The difference betweenū andd distributions is measured now as a function of x [3] and is concentrated in the region of x < ∼ 0.2. This phenomenon has a natural explanation [4] - [6] in the meson cloud model (Fig.1 ) if positive pions in the cloud prevail over negative ones (i.e. the contribution of the diagram of Fig.1a is larger than the one of In this paper we want to pay attention to another interesting problem, the unusual small-x behaviour of the spin structure function g 1 of proton and neutron [7] - [12] . The situation is especially evident in the case of the neutron structure function g n 1 , which is very small in the region of x > ∼ 0.2 and goes to rather large negative values as x decreases to x ∼ 10 −2 [11] . This behaviour cannot be explained by valence quark models, first since valence quarks contribute to the function g 1 mainly at x > ∼ 0.1 and second, because of strong cancellation of valence quark contribution for the neutron 1 . At the same time the observed small-x behaviour contradicts to the one expected for the A 1 Reggepole exchange because of its low intercept. It would be natural to attribute this to the manifestation of the nucleon sea. However, it is usually believed that the meson cloud model cannot lead to a polarization of sea quarks [13] , as the diagrams of Fig.1 with ππ exchange in the t channel do not contribute to the function g 1 . In this paper we would like to emphasize that an interference between π and ρ exchanges (πρ exchange in the t-channel - Fig.2 ) leads to a substantial polarization of the nucleon structure function g 1 with isospin I = 1 in the t-channel. It will be shown also that flavour asymmetry of the polarized quark sea must be even stronger than for the unpolarized case. Experimental tests of this model are proposed.
1 Thus the neutron is a good laboratory for the investigation of non-valence components of the nucleon.
General analysis of the small-x behaviour of the spin-dependent structure functions
Analysis of the small-x behaviour of structure functions of deep-inelastic scattering on a nucleon in terms of the leading j-plane singularities has been performed many years ago [14] . However there is a controversy concerning a possibility of different contributions to functions g 1 (x), g 2 (x) [15] . So we shall repeat here the main consequences of such an analysis.
The polarized structure functions g 1 (x, Q 2 ) and g 2 (x, Q 2 ) define the antisymmetrical in µ, ν part of the amplitude of the virtual Compton scattering (see e.g. [16] , [17] ):
where q is a photon 4-momentum, Q 2 = −q 2 , P and S are nucleon momentum and spin vectors, and
The absorptive parts of the s-channel helicity amplitudes F λ ;−1±
The rules for construction of helicity amplitudes with definite t-channel quantum numbers are well known (see e.g. [14] ). In the combination of Eq.(3) of s-channel helicity amplitudes only states with σP = −1 and G(−1) I σ = −1 contribute asymptotically as x → 0 (here σ is the signature, P -parity, G -G-parity and I is the isospin). These are the singularities (e.g. Regge poles) of the so called axial group. Among known Regge poles the reggeons A 1 (I = 1) and f 1 (I = 0) belong to this group.
The amplitude (4) corresponds to the states in the t-channel, which do not have definite parity (for example Regge -cuts). The rightmost singularity of this type will be a cut due to exchange by several Pomerons 2 .
Let us note that Regge cuts should also obey the quantum number selection rules. In particular, Regge cuts due to exchange by any number of Pomerons in the t-channel do not contribute (in the leading order in 1/x) to the function g 1 . This is connected to the fact that signature of the cut is equal to a product of signatures of exchanged reggeons [18] and is +1 for any number of exchanged Pomerons. So the product G(−1) I σ in this case is +1 and does not correspond to the amplitude g 1 we are interested in. This result can be generalized to the cuts due to exchange of any number of reggeons with quantum numbers
more than one of them has I = 1. For any pair of such reggeons σ = σ 1 · σ 2 , I = I 1 + I 2 ,
reggeons have I i = 1 and add to the total isospin I = 1. In this case I = I 1 + I 2 − 1 and the product G(−1) I σ = −1. So the leading cuts contributions to the small-x behaviour of g 1 is given by ρA 2 , ρπ (I = 1, G = −1) cuts. In the following we will estimate these contributions in a simple model of a meson cloud and will show that these contributions (especially the πρ one) can be important in the preasymptotic region 10
Let us emphasize here that this classification of leading j-plane singularities is valid in the leading (in 1/x) approximation and contributions damped by extra x-factor do not satisfy to these selection rules. For example gluonic ladders can contribute to g 1 with I = 0 at small x. In the following we will consider only the leading contributions for the I = 1.
The meson cloud model
It is known for a long time that π exchange plays an important role in the dynamics of peripheral inelastic interactions of hadrons (for review see, for example, refs. [19] - [21] ). In a series of papers [19] , [20] , [22] , [4] , [6] the model with "effective" reggeized pion exchange, which takes into account a contribution of other exchanges (ρ, A 2 , . . .), has been developed and applied to a broad class of exclusive and inclusive processes in hadronic interactions. It was demonstrated that the model reproduces many characteristic features of these processes over a wide region of energy. We mention here two qualitative effects which are relevant to this subject.
It has been shown [22] that the model leads to the nontrivial behaviour of spindependent residues for the leading Regge poles, -small flip-nonflip ratio for I = 0 reggeons (P, f ) and large one for I = 1 exchange (ρ reggeon), in an agreement with experimental observations. Note that the specific spin and isospin structure of the bottom blob in Fig.1 due to pion quantum numbers plays a crucial role in description of observed spin structure. There is a strong cancellations between contributions of the nucleon and ∆ isobar intermediate states for particular amplitudes.
Another example is related to the flavour structure of the quark sea in the nucleon mentioned in Introduction. It was first noted by Sullivan [23] that π exchange can contribute also to the deep inelastic scattering (DIS) (Fig.1) . In refs. [4] , [6] the effective pion exchange model has been applied to calculation of antiquark distributions in a nucleon, using the distribution ofq in the pion. It was noted (see also ref. [5] ) that in this modeld andū distributions in a nucleon are generally different. This difference is connected with the relative contributions of nucleon and ∆ isobar in an intermediate state.
The distribution of antiquarks in the nucleon in this model has a simple probabilistic interpretation and can be written as a convolution of the probability w π k /N to find a pion π k in a nucleon N with the probabilityq π k to find an antiquark in the pion, summed over all types of pions [4] , [6] :
The probability w π k /N (x π ) is a sum of probabilities w
k (x π ) of production of a given state R = N, ∆. The latter ones expressed in terms of known πNN, πN∆ couplings and form factors G R π (t) which determine pion off-shell dependences
Here τ R is a minimal momentum transfer to the baryon R,
and t is connected with τ R and transverse momentum of produced baryon k ⊥ as
The functions g π k N R (t) contain beside corresponding coupling constants also traces over baryon indices providing extra t dependence of the bottom blob.
These formulas correspond to the simple pion cloud model, -there is a cloud of pions in a fast moving nucleon and a virtual photon interacts with an antiquark (quark) of the pion. In this formulation the pion is an "effective" one and other exchanges are taken into account by a proper choice of "form factors" G R (t). A formulation of the meson cloud model in terms of light-cone wave functions of a pions (and other pseudoscalar and vector mesons) in a nucleon 3 was used by several authors [24] - [28] , [13] , [29] - [31] , [21] and has been applied to different aspects of DIS, including the "spin crisis" [13] , [31] .
However the main attention was paid to a calculation of the function g 1 (x, Q 2 ) resulting not from the meson cloud but from the "core" baryon, because the diagrams of Fig.1 do not contribute to g 1 (x, Q 2 ). It has been shown [13] that the existence of the meson cloud 3 It is worth to emphasize at this place that in contrast to the light-cone approach we do not consider mesonic cloud in terms of relativistic wave function. It means that interactions with the meson and the "bare" nucleon (or ∆-isobar) in Figs.3a,b are not considered as interactions with the two components of the physical nucleon. We treat these diagrams as Reggeon exchanges, and the main preference of the pion exchange is connected to the smallness of the pion mass and therefore to the close position of the corresponding pole to the physical region. The t-dependent residue of the Regge-pole amplitude can be interpreted as a "form factor" function describing off-shell behaviour of pionic amplitudes. In the relativistic wave-function approach mesonic couplings are described in terms of x, p ⊥ dependence of the wave function, and as a result one has exponential damping for x π → 0 where pion exchange dominance is well justified and confirmed by experiments.
leads to a substantional modification of the polarized quark contributions in the region x ∼ 1 (mainly due to renormalization of the nucleon wave function), but the interaction with the core baryon (the diagrams of Fig.3b) does not influence the polarization of antiquarks from the nucleon sea.
The experience of dealing with the pion exchange model has shown that, if the pion exchange is not forbidden for a particular process, it dominates. It is related to the smallness of the pionic mass and therefore to the close position of the corresponding pole to the physical region of the process. Unluckily, as it was shown in section 2, the ππ exchange does not contribute to the amplitude connected to the g 1 structure function.
Here we would like to consider a new contribution of the diagram of Fig.2 . It contains πρ exchange in the t-channel and corresponds to an interference between π and ρ exchanges 4 .
According to a general classification given in section 2 such a state can contribute to the small -x limit of function g 1 with the total isospin I = 1 in the t-channel. This means that its contributions to g 1 of proton and neutron have different signs. The new element of this model is a strong polarization of a nucleon sea and, in particular, of antiquarks of the nucleon. We will show below that this polarization is strongly flavour dependent.
Let us note here that the model gives a nonperturbative input for initial condition of QCD-evolution. So its predictions should be valid at values of Q 2 ∼ 1 GeV 2 and will be modified by perturbative effects at much larger Q 2 .
Description of the model
Let us consider the diagrams of Fig.4 to estimate the πρ-exchange contribution to the g 1 structure function.
As we are interested in the imaginary part of the amplitude, particles in the intermediate state are on the mass shell. In order to get the partonic interpretation for the contribution of these diagrams it is convenient to use the light-cone variables for momenta 4 Note that since our parameterization of the pion exchange contains partly the A 2 contribution we take into account effectively also the A 2 − ρ cut.
in the top part of the diagram and to choose a Lorentz frame with zero 'plus'-component of the photon momentum, q + ≡ q 0 + q z = 0. This choice allows us to avoid non-partonic contributions [32] . In the Lorentz frame, where the proton is moving along the z axis, one has simple kinematic relations
and the tensor W µν from Eq. (1) is determined at µ = x and ν = y by only the g 1 structure function:
A standard consideration of the upper blob (see e.g. is proportional to γ + = γ 0 + γ 3 and, since γ 2 + = 0, it is possible for the 'plus'-component of the current to consider the struck quark as being on the mass shell as it is supposed in the partonic picture. This prescription corresponds to the light-front formalism [32] .
Since axial curent A + measures the helicity of the (on-shell) quark or antiquark:
the result is expressed through the difference of contributions for quarks of opposite helicities, i.e. doubled contribution to the πρ-interference term from the quark with positive helicity as it is shown schematically in Fig.5 .
For the whole diagram one gets the well known relation, which connects the g 1 (x) structure function and the difference of the polarized quark distributions ∆q N (x):
and the part of the difference due to πρ interference has the form similar to Eq.(5) :
Here α is a Lorentz vector index of the exchanged ρ-meson (we omit indices specifying charges of π, ρ mesons), w 
and ∆q α πρ is a difference of polarized quark contributions coming from the top (quark) blob.
Let us discuss now separately the main ingredients entering Eqs. (12), (13) .
It is convenient to write down the part coming from the upper blob in terms of internal quark variables of the meson state x q , q ⊥ , which are related to the variables x, p ⊥ of the struck quark through the relations
It will be assumed in the following that the nonpolarized quark distributions are the same for the π and ρ mesons:
with the normalization condition
Then
Here N π , N ρ are normalization functions and the function N α contains spin-dependent contribution corresponding to the non-diagonal πρ and ρπ transition: 
where M 0 is a standard variable in the light-cone formalism.
The spin structure of the meson-quark vertices has been chosen as
The normalization functions N π , N ρ can be obtained e.g. by consideration of the diagonal electromagnetic form factors at zero momentum transfer. This gives
for the diagonal ππ and ρρ transitions correspondingly. The quark mass m q was taken as m q = 0.3 GeV for calculations. It was pointed out above that we estimate the large distance contribution of the meson cloud to the function g 1 , so the mass of the quark in our model should be considered as a constutuent quark mass and we take for it the value m q = 0.3 GeV .
To show an important role of the choice of the distribution f q (x q ) we tried two extreme cases -a simple wave function description which assumes quark-antiquark content of the pion [33] and the Glück-Reya-Stratmann parameterization [34] which has a singularity at x = 0. The parameterizations used for calculations are listed in the Appendix.
(ii) The nucleon blob, B α
The bottom blob with R = N, ∆ in the intermediate state contains the nucleon traces
where
The structure of the vertices Γ πN R and Γ ρN R and propagators D (R) is given in Appendix.
Let us note that for unpolarized quark sea the contribution to the bottom blob due 
Comparison with experiment
The model formulated above allows us to calculate sea-quark polarization to the structure function g 1 of the nucleon with I = 1. We have not tried to calculate a nonperturbative contribution to the function g 1 with I = 0 (for calculation of ρ − ρ exchange to this function see ref. [35] ). Experimental data show that at small x ∼ 10 −2
the amplitude with I = 1 in the t-channel gives the main contribution. In the following we will compare our results with the g 1 of the neutron, because in this case a contribution of the valence quarks is small and contribution of the sea can be more easily separated compared to the proton case. The results for the g p 1 are just opposite in sign due to I = 1 of the considered contribution. Note that gluons (and in particular the gluon anomaly [17] ) do not contribute to this isospin combination. These contributions can be important for I = 0 amplitude.
Our model depends on several parameters which are not quite well known (e.g. g ρN N coupling constant) and on assumptions listed above. So we do not pretend for detailed descriptions of the I=1 sea component of the structure function g1 but rather for a qualitative effect and demonstrate that this effect is of right order of magnitude.
In Fig.6 the contribution of the simplest diagrams of is strictly speaking true for a "diagonal" transition with quantum numbers of A 2 , f in the t-channel. In our case we should know the behaviour of the analogous quantity with axial quantum numbers in the t-channel. In the model [36] , where corresponding reggeons are generated due to gluon emissions in the box diagram (Fig.8) it is possible to show that a difference between vector and axial vector contributions appears only at three-loop level (emission of two gluons in the s-channel of Fig.8 ). So this difference should be important in the upper blob only at small x q < x cr q ≈ 0.1. This means that our estimate with GRV structure function of the pion can be valid up to x ∼x π x cr q ∼ 0.01. At smaller values of x we expect a gradual transition to the behaviour corresponding to the A 1 Regge exchange.
We would like to emphasize that due to a smallness of the diagram with the ∆ intermediate state of Fig.2 only thed quarks of the proton (ū of the neutron) are polarized.
The following relations for polarized quark distributions in the proton and the neutron are valid in the model (here we separate quark and antiquark polarized distributions unlike the notation of Eq. (11)):
Thus the model predicts even higher flavour asymmetry for polarized antiquarks than for unpolarized distributions. Present estimate of polarization for antiquarks do not contradict to limits on this quantity established from a study of semiinclusive DIS [37] , especially taking into account that the hypothesis of flavour symmetry for light quarks (antiquarks) of the sea has been used in the analysis of experimental data. In principle, different flavour contributions to the polarized quark sea can be separated and model predictions can be tested if accuracy of experimental data will be improved.
The most straightforward test of our model would be a measurement of the polarization asymmetries in DIS with simultaneous registration of a nucleon or ∆ in the final state. For ∆ production sea polarization should be absent (or small) compared to the case of neutron production off proton (or proton from a neutron target).
Let us comment on a relevance of these results for the Bjorken [38] and Ellis-Jaffe [39] sum rules. It is clear from experimental results [10] It is known [13] , [31] that an inclusion of mesonic cloud to the nucleon wave function leads to a better agreement with Ellis-Jaffe sum rule. However it is difficult to obtain a good description of experimental data on g p 1 , g n 1 and to solve completely the problem of "spin crisis". We hope that situation will improve with an account of interference diagrams considered here. An interference of K and K * exchanges will lead to some polarization of s ands quarks, which can be relevant for this problem.
Conclusions
In this paper we proposed a new nonperturbative mechanism for polarization of sea quarks in a nucleon. The mechanism leads to a strong flavour dependence of the sea polarization. It can not be imitated by the diagrams of perturbative QCD. An estimate of the πρ interference mechanism carried out in this paper shows that it can account for an unusual behaviour of the structure function g n 1 in the small-x region and is important for calculations of the axial couplings of baryons.
Future experiments with polarized beam and target in DIS and hadronic interactions will allow a critical test of the proposed mechanism for the sea-quark polarization.
Here we give a description of the main components entering the model -quark distributions used for calculations, baryon vertices and propagators, and form factors.
A. Quark distributions in meson
In order to illustrate an effect of the choice of different parametrization we used two types of distributions. The first one supposes that mesons contain only valence quark and antiquark. This two-particle distribution was parametrized in terms of the light-cone wave function [33] :
with
The function ψ(x, p T ) is normalized as
what corresponds to the standard normalization of the function φ(p):
We use a simple oscillator-type parametrization for the wave function φ(p) [33] :
with β = 0.32. The second type of distribution written under an assumption of multiparticle content of a meson was taken from the paper by Glück, Reya and Stratmann [34] :
where the value of λ does not effect the final result and was chosen λ = 1.
B. The baryon vertices
The baryon vertices were taken in the form
where α and τ are Lorentz indices of the ρ and ∆ correspondingly. The form of the first three vertices is unambiguious, and for the forth one we tried both the structure (B.4a) used in meson exchange models [40] and the simplest structure (B.4b) which is in an agreement with experimental data on the process πp → π∆ [41] . The following values of coupling constants were taken [6] , [40] : 
